Purpose -The purpose of this paper is to compare and evaluate the usability, usefulness and effectiveness of an Interactive, Information Retrieval -IIR system with a DSpace-based digital library.
I. INTRODUCTION
Nowadays, searching for information is beyond any doubt very common and it is exercised widely not only from search professionals, but also from average users [1] [2] . Yet, the effective use of the corresponding search technologies is still challenging [3] [4] .
The most recent Information Retrieval -IR systems provide functionalities and search capabilities that a few years ago would be beyond any imagination. However, in many cases they do not support searchers in finding the right tactic in order to satisfy their information needs with accuracy and in a short time [5] . Quite often, average users try to express their information needs as a search query that may contain several meanings, thus failing in accurately specifying their requests and accordingly fulfilling their information needs [6] . In case of an unsuccessful search, average users reformulate their query by adding, deleting or replacing terms [7] . This could be interpreted that searchers may spend too much time in finding the right terms that will satisfy their information needs [8] .
Average users rarely employ sophisticated search strategies, as compared to expert searchers [9] . Furthermore, they usually do not know how and when to use advanced search features in order to achieve the best result [10] . In this direction, IR systems evolved over time towards the direction of aiding their users in satisfying their information needs with accuracy in a short time. Thus, they do not only invest on providing advanced functionality, but they also strive in assisting and guiding users in finding the information they need through some kind of interactive process. Thus, it seems that old-fashioned IR systems are stepping back in favor of Interactive Information Retrieval -IIR systems.
In order to examine the effectiveness and usefulness of such systems, a number of evaluation measures and standards have been established. These evaluation measures and standards take into account not only the IIR system itself, but also the users' interactive process of information searching [11] [12] . Generally, the more effective a system is, the less time a user needs in order to satisfy their information needs. The time a user spends using such a system includes the time that is spent learning it. Thus, it is important for an IIR system to help average users improving their searching capabilities over time [13] .
Along these lines, Borlund [14] argues that "the purpose of IR evaluation is twofold, i.e. to determine a) how well the system satisfies the information needs of actual and potential users; and b) how to improve the information retrieval process, both at a particular installation level and at a more general level".
Having the above thoughts in mind, a subject-based IIR system was created and accordingly integrated to the DSpace-based, digital library of University of Piraeus. The system gave the opportunity to its users to find the assets they were looking for by browsing through the subject headings of the underlying collection based on the syndetic structure of the subject headings (i.e. broader, narrower and related terms).
In order to assess whether the aforementioned IIR system was useful, effective and satisfied the users' information needs, an evaluation procedure was performed. The evaluation procedure consisted of two parts. The first part contained the log files analysis of the system's use in a period of 6 months. The second part referred to a user survey that was based on a comparison of the traditional subject-based search functionality of DSpace against the new IIR system.
The rest of the paper is structured as follows: The next section contains a detailed description of the IIR system. Then, the measures and standards that should be kept in mind in order to create an effective and accurate evaluation procedure for an IR system are stated. The next section outlines a number of IR system evaluation frameworks. In the following sub-section, some individual efforts regarding the evaluation of IIR systems are presented. Section 4 describes the approach that is followed in order to evaluate the new IIR system. Finally, in section 5 the conclusions of the evaluation process that was followed and suggestions for future work are stated.
II. THE SYSTEM
In this section the IIR system under evaluation is presented. More specifically, the system enriches the subject-based search functionality of the DSpace-based Digital Library of University of Piraeus, Dione [15] , which contains subject headings deriving from the Library of Congress Subject Headings -LCSH 1 vocabulary. It is comprised of an auto-suggest search box on the upper part of the screen where the users are prompted to type in the first letters of the words that best describe their information needs (see figure 1 ). The widget returns a list of subject headings that contain the string provided by the user. Upon selection of a subject heading, a box is sketched below representing their selection (see figure 2 ). The box contains the subject heading in English, possibly followed by its translation in Greek. The box also contains the relations of the subject heading as imposed by the underlying extended syndetic structure (i.e. namely broader, narrower, related and subdivision term). If the user clicks on a relation, a list of subject headings appears, each of which is associated with the sketched one through the selected relation (see figure 3 ). Then, by clicking on one of the subject headings presented in the list, another box is sketched next to the first one (see figure 4 ). The two boxes are connected with a labeled line containing the description of the selected relation. On the lower part of the screen, the user is presented a list containing the assets of the digital library that are assigned to the selected subject heading (see figure 5 ). The whole process can be repeated until the user locates a subject heading that satisfies his information needs. A detailed description of the system is provided in Papadakis et al. [15] .
In order to evaluate this IIR system, the corresponding evaluation literature is examined. In this context, the following section presents some important measures for an effective usability evaluation.
III. IMPORTANT MEASURES FOR AN EFFECTIVE USABILITY EVALUATION
Effective and accurate evaluation of IIR systems usability should be based on the examination of a number of adequate measures. IIR systems are usually evaluated in terms of three main aspects of usability: effectiveness, efficiency and user satisfaction [16] . These measures are defined by ISO 9241-11 2 , as:
• Effectiveness is the "accuracy and completeness with which users achieve specified goals". In other words, a tool is effective if it helps users accomplish particular tasks. • Efficiency is the "resources expended in relation to the accuracy and completeness with which users achieve goals." A tool is efficient if it helps users complete their tasks with minimum waste, expense or effort. • Satisfaction is the "freedom from discomfort, and positive attitudes of the user to the product". Satisfaction can be understood as the fulfillment of a specified desire or goal. It is often the case that when people discuss satisfaction they speak of the contentment or gratification that users experience when they accomplish particular goals. Based on the aforementioned ISO standard for usability, a number of researchers have proposed various evaluation measures and processes that should be considered for the evaluation of an IIR system. 2 Ergonomic requirements for office work with visual display terminals (VDTs) --Part 11: Guidance on usability (1998). Available at:
The most common evaluation measures seem to be "Precision", "Recall" and the deriving "F-measure". These measures have been employed for quite a long time [11] . Precision is the fraction of retrieved documents that are relevant to the query. Recall is the fraction of documents that are known to be relevant to the query and have been successfully retrieved. In order to balance between these two measures, the F-measure was introduced. According to traditional IR algorithms, the more documents an algorithm retrieves, the more likely is to increase recall. But on the other hand, this augmentation to the search results could bring more irrelevant documents. In order to address this issue, F-measure is defined as the combination of precision and recall as shown in the equation below. (1) Some researchers believe that the above measures are not the best option in order to make an accurate evaluation of an IIR system. Borlund [17] , for example, endorses the idea that precision and recall are insufficient for evaluating IIR systems. The above two measures cannot quantify the "informativeness" of interaction which is exhibited in the case of users wishing to modify or develop their initial queries and strategies during a search process.
In order to come up with more suitable measures for the evaluation of IIR systems, other researchers propose alternative solutions. Some of these measures are stated below:
According to Su [18] , users consider "Task Completion Time" as critical to successful IIR. In the same line of thoughts, Dunlop [19] proposes a measure called "Expected Search Duration" and creates an interface-based predictedtime model, which measures the time that a user needs in order to view a set of assets and concludes to a relevant asset.
Belkin, Cole and Liu [20] and Hienert and Mutschke [21] propose another measure for evaluation of IIR systems, namely "Usefulness". Usefulness can be used to evaluate system support from the aspects of both outcome and process in the accomplishment of a task.
In another approach, Cheng, Hu and Heidom [13] suggest two new measures to evaluate IIR systems, the "Normalized Task Completion Time" and the "Normalized User Effectiveness". These two measures take into account the familiarity of users with the use of such systems, the capability of the user to retrieve information with the use of IIR systems and the expertise in the domain of the given task and thus the ability to create good queries.
Lastly, Borlund and Ingwersen [17] introduce the concept of "Simulated Work Task Situation" or "Scenario" and the involvement of real end users as test persons. Their method is designed to collect two types of data, the cognitive data http://www.iso.org/iso/catalogue_detail.htm?csnumber=16883
Date retrieved: 15/5/2018 and the system-oriented data. The former refers to the collection of qualitative and quantitative data from the user's experience with the system. The latter refers to the collection of IR performance data. The whole process requires the involvement of real users who are performing searches of their own and for simulated tasks.
The next section contains several frameworks that are widely used in order to evaluate IR and IIR systems.
A. Previous IR system evaluation frameworks
Evaluation of IR systems has intrigued researchers for many years, since evaluation is considered an integral part of system development. In order to perform such evaluations, a number of well-known test collections are employed.
During the 60's, the Cranfield model was introduced. The indexing experiments of the Cranfield model are often considered as the beginning of the modern era of computerbased IR system evaluation [22] . In the Cranfield studies, retrieval experiments were conducted on a variety of test databases. In the second series of experiments, known as Cranfield II, alternative indexing languages constituted the performance variable under investigation. The aim of the research was to find ways to improve the relative retrieval effectiveness of IR systems through better indexing languages and methods [23] . A small test collection of documents, a set of test queries, and a set of relevance judgments (i.e. a set of documents judged to be relevant to each query) were the components of the Cranfield experiments. End users, their interaction with the system, their interpretations of the query were not calculated and taken into account in the experiments [24] . The measures used in the Cranfield experiments were recall and precision. Nowadays, the Cranfield model is still in use for the most elementary pilot experiments [25] .
The Cranfield model inspired in some way the Text Retrieval Conference -TREC 3 . Within this model, there have been many tracks over a wide range of different test collections. Nevertheless, the marquee task of TREC is the ad-hoc retrieval track, in which systems compete in ranking documents according to relevance judgments [26] . Participants over the years have examined a wide variety of retrieval techniques and retrieval environments, including cross-language retrieval, retrieval of web documents, multimedia retrieval, and question answering. Recently, the interactive TREC -iTREC was introduced in order to develop better methodologies for evaluation of IIR systems [14] .
During the last two decades, the Cross-Language Evaluation Forum -CLEF 4 emerged, aiming in developing an infrastructure for the testing, tuning and evaluation of information retrieval systems operating on European languages in both monolingual and cross-language contexts.
As far as the evaluation of digital libraries is concerned, one major evaluation model is the Distributed Agents for User-Friendly Access of Digital Libraries -DAFFODIL model. DAFFODIL is a system for integrated search within the heterogeneous digital libraries of a scientific community, with merging of results. At this time, a prototype for the area of Computer Science exists that allows searching within more than ten different digital libraries and other sources of information [27] . The DAFFODIL framework consists of two major parts: the graphical user client and a set of agentbased services in the back-end [28] . The DAFFODIL framework also provides an integrated questionnaire tool and a logging facility to help gathering the data.
In a more recent approach, Wei, Zhang and Gwizdka [29] proposed YASFIIRE as a system that is capable of supporting IIR user studies on the Web. The system supports user and task management, for processing web-based task specific interfaces and for web-event logging.
To sum up, all these efforts have a specific aim; to measure the effectiveness of an existing IR or IIR system via test collections.
In the next section, individual evaluation efforts are presented and the most suitable is selected for the evaluation of the IIR system that is described earlier in this paper.
B. Individual evaluation efforts
In order to evaluate the specific IIR system, the aforementioned frameworks are considered. However, none of them can be applied as-is for a number of reasons.
The Cranfield framework cannot be used because of its inflexibility to deal with dynamic information needs. Cranfield treats information needs as a static concept entirely reflected by the search statement (query) [25] .
The next options are the iTREC and CLEF evaluation frameworks. Both approaches adopt a methodology that provides a set of predefined queries for which the corresponding relevant results are known in advance. When an IR system addresses such queries to the underlying dataset, precision and recall are measured and accordingly compared against the pre-calculated metrics. However, in an IIR system like the one that is under evaluation in this paper, users are prompted to choose a predefined query that best suits their information needs, which acts as an entry point to the IIR system. Trained personnel have already determined the relevant assets that correspond to such a query. Thus, the quality of the proposed approach does not depend on precision/recall [30] but on its ability to provide the users with an entry point that is as closer as possible to their information needs.
The last option is the adoption of the DAFFODIL framework, which requires the integration of the system under evaluation with the DAFFODIL User Interface. However, such an approach would result in the assessment of the integrated system, not the original one.
Thus, in order to evaluate the IIR system that is described earlier in this paper, some hybrid procedures and efforts are considered. The first effort is the evaluation procedure of the Concept-based Information Retrieval Interface -CIRI [31] . The authors use the "Simulated Work Task Situation" to make their searching situations realistic. Their system contains an ontology-based query interface, which is constructed for searching a digital newspaper archive. In order to assess their system, they use a similar search interface without ontology support.
The second effort that is taken under consideration is the evaluation procedure that is followed by Suomela and Kekalainen [31] . They aim to evaluate their system through searches based on three different task types and accordingly study how college users interact with highly structured data. This experiment is applied to the Initiative for the Evaluation of XML -INEX interactive track (iTrack 5 ). The overall goal of INEX [32] is to experiment with the potential of using XML to retrieve relevant parts of documents. During the evaluation process, the searchers are given brief online questionnaires in order to support the analysis of log data.
Lastly, Kriewel and Fuhr [33] evaluate an adaptive search suggestion system that is based on case-based reasoning techniques. They develop a suggestion tool for the DAFFODIL system to support users with useful strategic search advice. The aim of the evaluation is to learn whether an adaptive search suggestion system could help users in searching and whether it could teach users how to use the advanced capabilities of a complex search system. The corresponding evaluation approach dictates the assignment of a number of complex search tasks to the participants that should be carried out separately in two systems. Both of the systems are identical and based on DAFFODIL. The only difference is that one of them does not include the suggestion tool. The DAFFODIL logging framework is then used to capture all users' activities during the task.
IV. OUR APPROACH
Having the aforementioned approaches in mind, we concluded that the most appropriate method for the evaluation of the IIR system would be a comparison against the traditional, subject-based browsing functionality of the DSpace's digital library of the University of Piraeus in Greece, Dione 6 . More specifically, the IIR system provides another option to the library's users that wish to perform subjectbased search within the underlying resources.
Following the steps of Borlund [25] [34], the comparative evaluation process consists of a quantitative log file analysis regarding a period of 6 months and a user survey employing an adequately designed questionnaire. The former is anticipated to measure the overall performance of the IIR system and the later aims in estimating its impact to the end users. 5 
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A. Quantitative evaluation -The log files analysis
The log files that were analyzed during the quantitative evaluation process refer to the IIR system's usage from 20.10.2016 to 20.3.2017. The specific period of time was selected because it refers to a fully functional semester at the University of Piraeus. Log files in general are a valuable resource for understanding the kinds of information needs that users have, for improving ranking scores, for showing search history, and for attempts to personalize IR [26] . Within the context of the specific log files analysis, the term "search session" refers to the sequence of requests made by one user for a single navigation purpose [35] .
According to the log files of both the DSpace and the IIR system, 54,7% of the total number of users that selected the subject-based browsing option, preferred to employ the IIR system instead of the typical functionality of DSpace. Such a measure does not imply any particular prevalence of the one option over the other.
Moreover, the log files reveal that the vast majority of the users did not spend much time with the IIR system (see table  1 ). In fact, 164 out of 230 users spent less than a minute. This could be attributed to the fact that the provided GUI consists of two widgets (namely the autosuggest search box and the boxes traversal), with different average usage time. More specifically, the autosuggest search box provides rapid suggestions in accordance with the typing speed of the user. On the contrary, the boxes traversal requires mental effort from the users since they have to select the most appropriate choice from a number of semantically relevant options [36] . From such a viewpoint, table 1 could be interpreted as that users having a specific subject in mind employed the autosuggest search box whereas users with vague information needs employed the boxes traversal.
The above scenario is further justified from the findings stated at table 2. Table 2 indicates that the autosuggest search box was employed 171 times, whereas the boxes traversal was employed 55 times. From the 55 box traversals (see figure 6 ), 15 times users concluded their subject-based browsing session in their third hop. This is the most popular number of hops from one box to another according to the semantic relations of the subject headings that each box corresponds to (see figure 6 ). Following that, in a descending order, users concluded their subject-based browsing session in one, two and four hops respectively. The fact that 33 out of 55 box traversals were concluded in one, two or three hops leads to the conclusion that the majority of the users conclude their subject browsing process in a rather short period of time.
Figure 6. Number of hops in a boxes traversal
According to the log files (see table 3), the most popular semantic relation between subject headings is "contains" followed by a subdivision. At this point, it should be noted that "clickbox" is not a semantic relation per se. It refers to the user action of clicking on a box in order to erase its subsequent boxes and thus make the GUI more readable. Moreover, "subdivision" refers to the common subdivisions of two subject headings, defining this way the extended syndetic structure [15] of the underlying subject headings' collection. The relations "contains", "is part of" and "in context of" referred to the semantic relations such as narrow term, broader term and related term.
The predominance of the semantic relation "contains" could be justified from the fact that users tend to think from broader concepts to narrower ones when trying to satisfy their information needs. Additionally, the fact that the second most popular semantic relation refers to subdivisions, underpins the importance of the extended syndetic structure during a subject browsing process.
As far as users' satisfaction is concerned, safe conclusions cannot be extracted from the log files analysis. Some users may have started using any of the two systems and concluded their sessions without shifting to the other one. From another point of view, some users may have started using any of the two systems and, due to their dissatisfaction, concluded their sessions by using the other one. The satisfiability of the users employing the IIR system is measured through the circulation of a suitable questionnaire [37] that will be described later in this paper.
Thus, the qualitative part of the evaluation refers to a user survey where real users performed specific search tasks and then they filled-in a pre-and a post-questionnaire that were based on the principles of Kelly [16] . According to the proposed approach, the questionnaires consist of a number of questions where a specific set of accordingly weighted predefined responses is provided for each one of them.
B. Qualitative evaluation -Search scenarios, Questionnaires
The qualitative evaluation of the IIR system was implemented through a user survey. More specifically, the participants were initially asked to perform two subject search task scenarios and fill-in adequately designed preand post-questionnaires [34] [38] .
1) The procedure
The purpose of the survey was to measure the impact of the new subject-based IIR system that was recently integrated to the DSpace digital library of the University of Piraeus. In order to achieve this, a comparison between the traditional subject-based search functionality of the digital library and the new IIR system was performed.
Initially, the participants were gathered in a computer lab and they were accordingly informed about the purpose of the survey. Then, they were asked to fill-in a prequestionnaire in order to record their search profiles. More specifically, their educational level, their familiarity with web search engines and DSpace's subject-based searching functionality were logged. After that, they were asked to perform two subject-based search task scenarios. Both of the scenarios should be implemented with both of the systems under comparison. The participants were asked to start with the traditional DSpace subject-based searching functionality and then repeat the same scenario with the new IIR subject-based search system. The whole process was supervised by the evaluators in order to ensure that there would be no technical difficulties in conducting their tasks.
After they had completed both scenarios, they were asked to fill-in an accordingly designed post-questionnaire in order to express their opinion about the two systems under comparison.
2) Participants
A total number of 16 users participated in the survey. They were all members of the academic society of the University of Piraeus. The participants were all familiar with the University's library. However, as indicated from the questionnaire's statistics, some of them had never used the DSpace digital library before.
3) Search task scenarios
Each participant was asked to perform two subject-based search task scenarios. The first scenario was simple in order to give to the novice participants the opportunity to get acquainted with the two systems. The second one was more complicated due to the fact that the described information need was more general and required a more detailed search. Finally, it should be noted that both search task scenarios correspond to existing subject headings within the digital library.
The participants were asked to perform the first task to the traditional subject-based search functionality and then to the new IIR system. After completing the first task, they were asked to perform the second task following the same sequence.
The two search tasks were the following: a) You are looking for information about "Stress management". Try to satisfy your information needs using the traditional subject-based search provided by the DSpace digital library. Then, try to satisfy the same information needs by employing the new IIR service. b) You are looking for information about "Computer network protocols". Try to satisfy your information needs using the traditional subject-based search provided by the DSpace digital library. Then, try to satisfy the same information needs by employing the new IIR service.
4) Questionnaire
Upon completion of the two search tasks, the participants were prompted to fill in a post-task questionnaire. In this questionnaire the users were asked to answer questions referring to the usability, the satisfiability and the effectiveness of the new IIR system as compared to the traditional subject-based search provided by the digital library.
5) Results
The whole process lasted between 10 to 20 minutes for each participant. A completed search process could either end up with successful or unsuccessful search results.
As indicated in figure 7 , most of the participants were students in an under-or post-graduate level. Moreover, they had all, more or less sufficient experience in searching for information online. However, it seems that the digital library of the University's Library is not popular among the participants of this survey. 94% of the participants (see table 4 ) had never or very seldom used the digital library in the past. This could be attributed to the fact that the digital library was quite recently incorporated within the overall Library's infrastructure. When combining the answers of question 3 with the answers of question 4, it becomes apparent that participants that have used the traditional DSpace functionality in the past were more reluctant in finding the new IIR system easy to use, as compared to users that employed both of the systems for the first time. More specifically, 2 out of 6 users that have used DSpace before found the traditional DSpace's functionality easier to use than the new one (see table 5 ), in contrast to 10 out of 10 users without any prior experience with DSpace that found the new system easier to use. The same conclusions apply when combining the answers of question 3 with the answers of question 5. Participants with prior experience with DSpace found the two systems equally easy to understand (see table 6 ). Again, 10 out of 10 users without any prior experience with DSpace found the new system easier to understand than the traditional one. When combining the answers of question 6 with the answers of question 8 it becomes apparent that users that succeeded in satisfying their information needs with both of the systems found that the new IIR system aided them in completing their search tasks faster than the traditional one. More specifically, 7 out of 10 participants satisfied their information needs faster with the new IIR system.
Answers to question 9 indicate that the new metaphors in subject-based browsing introduced by the new IIR system (i.e. box traversal) helped DSpace-non-experienced participants in satisfying their information needs while at the same time such new metaphors did not discourage the DSpace-experienced participants in using the system (see figure 8 ). More specifically, 15 out of 16 participants found that browsing through the subjects by employing the new IIR system helped them in satisfying their information needs. Finally, answers to question 10 indicate that the vast majority of the participants enjoyed using the new IIR system in order to satisfy their information needs (see table  7 ). In fact, 14 out of 16 participants would prefer to browse the digital library of the University of Piraeus by subject through the employment of the new IIR system instead of the traditional DSpace functionality. The remaining 2 participants are DSpace-experienced users that seem to be reluctant in changing their information seeking habits.
During the questionnaire procedure many participants asked questions concerning the usage of the new IIR system. stating that they will use it again in the future as indicated from the answers to question 10.
V. CONCLUSIONS
In this paper a novel IIR system for subject-based browsing was evaluated. The system is integrated to the DSpace-based digital library of the University of Piraeus in Greece.
The evaluation process is twofold: quantitative and qualitative. The former refers to the log file analysis of the IIR system's usage for a period of 6 months. The latter refers to the results of a user survey that compares the traditional subject-based search of DSpace against the new IIR system. More specifically, 16 participants were asked to perform two subject-based search task scenarios employing both systems. Then, they were asked to fill-in an adequately designed questionnaire in order to record their impressions concerning the two systems.
The log file analysis reveals that end users usually do not spend too much time searching for information by subject. Moreover, they seem to prefer the new functionality that is provided by the IIR system, despite the fact that it introduces new metaphors as far as the user interface is concerned.
Finally, the extended functionality of the new IIR system as compared against the traditional DSpace's functionality seems to outweigh the fact that the new IIR system has greater learning curve due to the new metaphors it introduces. Thus, users are very interested in employing new methods and techniques in information seeking and retrieval, especially when such new tools and methods help them in fulfilling their information needs accurately and timely.
Future work could be targeted towards the alteration and modification of the service under evaluation so as to provide personalized results based on the user's preferences and/or to give the opportunity to the users to provide tags in order to enrich the subject headings. Such an enrichment could facilitate and improve search and retrieval process.
